Introduction
Cancer is a malignant, aggressive growth that invades surrounding tissues and metastasizes to other areas of the body. Cancer is literally a runaway cell growth, and the cellular replication machinery is unable to shut down. Prostate cancer is the most common cancer in men after skin cancer and is the second most common cause of cancer death among men (913,000 new cases, 13.8% of the total), after lung cancer. Nearly three-quarters of the registered cases occur in developed countries (658,000 cases) (Ferlay et al., 2010) . Normal prostate epithelium contains luminal epithelial cells, basal cells, and a small component of neuroendocrine cells that are scattered throughout the prostate (Huang et al., 2007; Yuan et al., 2007; Sun et al., 2009) . The majority of prostate cancers are classified as adenocarcinomas characterized by an absence of basal cells and uncontrolled proliferation of malignant tumor cells, with features of luminal differentiation including glandular formation and the expression of androgen receptors and prostate-specific antigens (Tai et al., 2011) . Incidence rates of prostate cancer vary by more than 25-fold worldwide; the highest rates are in Australia and New Zealand (104.2 per 100,000), and incidence rates are relatively high in certain developing regions such as the Caribbean, South America, and sub-Saharan Africa. The lowest age-standardized incidence rate is estimated to be in South Central Asia (4.1 per 100,000) (Ferlay et al., 2010) . New therapies are crucial in the fight against stubborn prostate cancers that spread to all organs of the body and aggressive tumors that stop responding to standard treatments. In addition, information on the biological response of human cells to green synthesized metallic silver nanoparticles (AgNPs) is also very limited.
The exploitation of various plant materials for the biosynthesis of nanoparticles (NPs) is considered a green technology and does not involve any harmful chemicals. AgNPs are important materials that have been studied extensively. Such nanoscale materials possess unique electrical, optical, and biological properties and are thus applied in catalysis, biosensing, imaging, drug delivery, nanodevice fabrication, and medicinal applications (Ahamed et al., 2010 , Tolaymat et al., 2010 . Due to strong antimicrobial activity, AgNPs are also used in clothing, the food industry, sunscreens, and cosmetics (Vigneshwaran et al., 2007; Kokura et al., 2010; MartinezGutierrez et al., 2010) . Although different techniques such as UV irradiation, aerosol technologies, lithography, laser ablation, ultrasonic fields, and photochemical reduction have been used successfully to produce metal NPs, they remain expensive and sometimes involve the use of hazardous chemicals (Okitsu et al., 2001; Naik et al., 2002; Narayanan and Sakthivel, 2010) . The mechanisms for AgNP-induced toxicity may be related to mitochondrial damage, oxidative stress, DNA damage, and induction of apoptosis (Sukirtha et al., 2012) . Consequently, green synthesis of nanoparticles has received increasing attention due to the growing need for environmentally benign technology in NP synthesis.
Bambusa arundinacea (Retz.) Wild, the fastest-growing perennial plant on earth, is native to India and cultivated throughout the tropics, commonly known as thorny bamboo, or "mulmunkil" in Tamil. Bamboo leaves have been used clinically in the treatment of hypertension, arteriosclerosis, cardiovascular disease, and cancer (Zhang et al., 2007) . Bambusa nutans Wall. ex Munro is a medium-sized woody bamboo that is naturally distributed throughout various states of India up to an altitude of 1500 m. B. nutans is one of the priority species of bamboos identified by the National Bamboo Mission formulated by the Ministry of Agriculture, Government of India, for commercial cultivation, and it is exploited at the present time for the pulp and paper industry in India. Culms can measure 6-15 m in height and 5-10 cm in diameter and are smooth, straight, and thickwalled. B. nutans is used for various purposes, including timber, house construction, scaffolding, and paper mats. It is reported that B. arundinacea plants possess flavonoids, phenols, steroids, glycosides, alkaloids, and phytosterols, which could be used for various pharmaceutical applications (Nirmala et al., 2011) . Bamboo leaf extract has exhibited anticancer (Seki and Maeda, 2010) , antiinflammatory, and antiulcer properties (Muniappan and Sundararaj, 2003) ; has antimicrobial activity (Vijaykumar et al., 2010) ; and has decreased bone erosion, spleen enlargement, and rheumatoid factor (Rathod et al., 2012) . B. arundinacea seeds showed significant antidiabetic activity (Macharla and Goli, 2011) . Moulton et al. (2010) showed that green synthesized AgNPs were potentially biocompatible with human keratinocyte cells. The green synthesis of AgNPs includes selection of solvent medium, reducing agent, and nontoxic stabilizing compound/material, also called a capping agent, and prevents aggregation of the NPs. As these NPs result in significantly low toxicity on adoption of this technique, they can be used for encapsulation of drug molecules. In recent reports, both silver and gold NPs have been synthesized using leaf extracts of Azadirachta indica (Shankar et al., 2004) , black tea leaf (Begum et al., 2009) , Ocimum sanctum (Philip, 2010) , Annona squamosa (Vivek et al., 2012) , Rauvolfia tetraphylla (Kalaiarasi et al., 2013) , and Caesalpinia coriaria (Jeeva et al., 2014) . Although there were many reports on biosynthesis of NPs using various plant extracts, no report has been published on the synthesis of AgNPs in B. arundinacea and B. nutans species until now. The major objective of the present study was to develop a rapid method for biological synthesis of bioactive molecules loaded with metallic AgNPs from in vitro-grown leaf samples of B. arundinacea and B. nutans and to evaluate their anticancer activity against human PC3 cell lines.
Materials and methods

Collection and preparation of bamboo leaf extract
The leaf samples for NP synthesis were collected from in vitro-raised Bambusa arundinacea (Ba) and Bambusa nutans (Bn) acclimatized under greenhouse conditions and established in the Biodiversity Garden, Periyar University, Salem. Mature, green, and undamaged leaves were selected and washed thoroughly with tap water and later washed with sterile distilled water in order to remove adhering dust particles. The bamboo leaves were used to prepare the aqueous extract and AgNPs were synthesized by boiled method from B. arundinacea and B. nutans. The sterile leaves from both the species (5 g) were cut into fine pieces and were boiled with 25 mL of sterile distilled water for 15 min at 60 °C. The extract was filtered through filter paper (Whatman No. 1) and the filtrate was used as the reducing agent for silver nitrate (AgNO 3 ).
Biosynthesis of silver NPs
According to the methodology followed by Kalaiarasi et al. (2013) , an aqueous AgNO 3 solution (2 mM) was prepared and used for the synthesis of AgNPs. Boiled leaf extracts of both B. arundinacea and B. nutans (10 mL) were taken separately and added into 90 mL of 2 mM AgNO 3 solution for the reduction of Ag + ions into Ag 0 and kept overnight at room temperature in the dark to minimize the photoactivation of silver nitrate. After the incubation period, the sample color changed from light green to brown, indicating the synthesis of AgNPs.
Characterization of AgNPs
UV-Vis spectra were recorded as a function of the reaction time on a Systronics 2203 spectrophotometer. The bioreduction of silver ions and formation and stability of AgNPs in an aqueous colloidal solution was monitored periodically with UV-Vis spectroscopy (200-700 nm) at room temperature. After completion of the synthesis of AgNPs, the reaction mixture was centrifuged at 8000 rpm for 10 min, and the NP pellet was dissolved in sterile distilled water and washed thrice by centrifugation to remove impurities. The purified AgNPs were examined for the presence of functional groups using Fourier transform infrared spectroscopy (FTIR) analysis. The FTIR analysis for AgNPs was carried out using an RXI model FTIR spectrophotometer from PerkinElmer. The dried samples were compressed into a thin KBr disc under a pressure of 7845 kPa for 2 min and all spectra were recorded within the range of 4000 to 400 cm -1 in transmittance mode. X-ray diffraction (XRD) measurement of bioreduced AgNPs was carried out and crystalline metallic silver was confirmed. For this experiment, the plant broth-mediated AgNPs were spread onto a glass substrate and examined on a Shimadzu Model XRD 6000 operated at a voltage of 40 keV and a current of 30 mA with CuKα radiation (λ = 1.54056 Å) in a θ-2θ configuration. The shapes of the freeze-dried AgNPs were analyzed by scanning electron microscopy (SEM; JEOL-JSM 6390). For transmission electron microscopy (TEM) analysis, the aqueous suspension of AgNPs was prepared by placing a drop of the suspension on carboncoated Cu 2 grids. The films on the TEM grids were allowed to stand for 2 min, after which the extra solution was removed using a blotting paper and the grid was allowed to dry prior to measurement. TEM observations were performed on a Philips-TECNAI 10 instrument attached to an Olympus camera operated at an accelerating voltage of 100 kV. The size distribution of the resulting NPs was estimated on the basis of TEM micrographs with the assistance of Sigma Scan Pro software (SPSS Inc., Version 4.01.003). Energy dispersive X-ray (EDX) spectroscopy analysis was performed with an OXFORD INCA penta FETX3 model 7582 EDX spectrometer to confirm the elemental composition of the samples.
Cell culture and maintenance
To study the cytotoxic effect of the synthesized NPs on cancer cell lines, a human prostate cancer cell line (PC3) and an African monkey kidney control cell line (Vero) were purchased from the National Centre for Cell Sciences, Pune, India. The cells were maintained in Dulbecco's modified Eagle's medium supplemented with 2 mM L-glutamine and balanced salt solution and adjusted to contain 1.5 g/L sodium carbonate, 0.1 mM nonessential amino acids, 1 mM sodium pyruvate, 2 mM L-glutamine, 1.5 g/L glucose, 10 mM (4-(2-hydroxyethyl)-1-piperazine ethane sulfonic acid) HEPES, and 10% fetal bovine serum (GIBCO). Penicillin and streptomycin (1 IU/1 µg) were added at 1 mL/L. The cells were maintained in 25-cm 2 culture flasks (Corning) at 37 °C with 5% CO 2 in a humidified CO 2 incubator.
In vitro cytotoxicity and IC 50
The inhibitory concentration (IC 50 ) value was evaluated using MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay. The cultured cells (approximately 1 × 10 4 cells/well) were seeded into 96-well culture plates and incubated for 48 h. PC3 cells were treated with series of 10-100 µg/mL concentrations of BaAgNPs and BnAgNPs. A stock concentration (5 mg/mL) of MTT (Sigma), a yellow tetrazole, was prepared and the culture medium was removed, and 100 µL of MTT was added in both AgNP-treated and control wells and incubated at 37 °C for 4-6 h. After incubation, purple formazan crystals were observed at the bottom of the wells. These crystals were dissolved with 100 µL of dimethyl sulfoxide and read at 620 nm in a multiwell ELISA plate reader (Thermo Multiskan EX) (Suresh et al., 2013) . The optical density (OD) value was used to calculate the percentage of cell viability by using the following formula.
Percentage of cell viability = OD value of experimental AgNPs treated sample OD value of experimental untreated sample ×100
Acridine orange and ethidium bromide staining
Approximately 5 µL of dye mixture (100 mg/mL acridine orange (AO) and 100 mg/mL ethidium bromide (EtBr) in phosphate buffered saline (PBS)) was mixed with 9 mL of cell suspension (1 × 10 5 cells/mL) on clean microscopic cover slips. The cancer cells were collected, washed with PBS (pH 7.2), and stained with 1 mL of AO/EtBr. After incubation for 2-3 min, the cells were visualized under a fluorescence microscope (Nikon Eclipse) at 40× magnification with an excitation filter set at 480 nm (Vivek et al., 2012) . The percentage of apoptotic cells was determined by the following formula.
Percentage of apoptotic cells = Total number of apoptotic cells Total number of normal and apoptotic cells ×100
Statistical analysis
All statistical analyses were carried out using one-way ANOVA with Dunnett's posttest using GraphPad InStat and Prism version 3.00 for Windows (GraphPad Software).
Results and discussion
Biosynthesis and characterization of NPs
The bioreduction of silver ions was visually confirmed by color change from green to brown for AgNPs during the exposure of bamboo leaf extract, while no color change was observed in the control AgNO 3 solution without leaf extract. The addition of bamboo leaf extracts to 2 mM aqueous silver nitrate solution changed the color after 4 h of reaction due to the production of AgNPs ( Figures 1A-1C ). These color changes arose because of the excitation of surface plasmon vibrations with the AgNPs (Shankar et al., 2004) . The most widely used, simple, and sensitive technique for the observation of NP synthesis is UV-Vis spectroscopy. AgNP suspension exhibits an intense golden yellow color due to the surface plasmon resonance (SPR), which results from the collective oscillations of their conduction band electrons in response to electromagnetic waves. Under the UV region, AgNPs give a characteristic absorbance band due to the excitation mode of their surface plasmons, which is dependent on the size of NPs. These SPR bands undergo redshift or blueshift depending on the quantum size effects (Asharani et al., 2008; Thomas et al., 2008) . Consequently, absorbance peaks can be used as tools to predict particle size and stability. Smaller AgNPs will have an absorbance maximum around 400 nm, which increases with size and disappears when particle size falls outside nano dimensions. The production of AgNPs from leaf extracts of B. arundinacea and B. nutans was analyzed in the range of 200 nm to 700 nm. Results revealed a peak at 420 nm in both leaf extracts, indicating silver nanoparticle production. The UV-Vis spectrum results showed that the maximum absorbance of green synthesized AgNPs was observed at 420 nm. A narrow absorption peak at 210 nm showed that the green synthesized AgNPs had a narrow size distribution with smaller-sized particles predominating. A change in color was also associated with well-defined peaks characterized by maxima centered at 280 nm. A variety of biomolecules were postulated to be involved in biological NP synthesis (Pimprikar et al., 2009 ).
The FTIR measurements were performed to identify the presence of possible biomolecules responsible for bioreduction of silver ions and capping of the bioreduced AgNPs synthesized using bamboo leaf broths. The lyophilized powders of the AgNPs were then subjected to FTIR spectroscopy analysis. The FTIR spectra of in vitro boiled leaf sample BaAgNPs showed intense peaks at 3396 cm -1 for C-Br stretching (alkyl halides). Bamboo species are mainly composed of pectin, cellulose and hemicellulose, flavonoids, lactones, and phenolic acids. The functional groups associated with these polymers, as well as the proteinaceous matter, may be involved in reducing the Ag + to Ag 0 . All the biological components were known to interact with metal salts via these functional groups and mediate their reduction to NPs (Bar et al., 2009; Ganesh Babu and Gunasekaran, 2009 (Figures 2A and 2B) . It is evident that the differences in the absorption bands, the small shift in band position, and the capping series could be different for each synthesized BaAgNP and BnAgNP.
XRD analysis revealed the distinctive facets (210, 122, 231, 142, 220 , and 311 planes) of the AgNPs. XRD studies were carried out to confirm the crystalline nature of the silver particles; the XRD patterns are illustrated in Figures 3A and 3B . XRD patterns showed intense peaks in the whole spectrum of 2θ values ranging from 20 to 80. The XRD pattern was observed to be 27.88°, 32.29°, 46.29°, 54.92°, and 77.28° for boiled in vitro leaf extracts of B. arundinacea and 27.74°, 32.14°, 46.17°, 54.77°, 56.47°, 64.56°, and 77.35° for B. nutans. A correspondence to Bragg's reflection sets of lattice planes was observe, according to JCPDS no. 04-0783 for silver, which may be indexed to (210), (122), (231), (142), (311) for B. arundinacea and (210), (122), (231), (142), (241), (220), (311) for B. nutans, and it indicates the face-centered cubic structure of the AgNPs. The present result is in good agreement with earlier reports (Jayaseelan and Rahuman, 2012) . It suggests that the prepared AgNPs were biphasic in nature. The slight shift in the peak positions indicated the presence of strain in the crystal structure, which is a characteristic feature of nanocrystallites. Thus, the XRD patterns were strong evidence in favor of the UV-Vis spectra for the presence of silver nanocrystals.
SEM analysis confirmed the synthesis of AgNPs in the reaction mixture. At room temperature, the addition of 2 mM aqueous silver nitrate solution to the plant extract caused the precipitation of NPs. These precipitates were observed under microscopic studies for the surface morphology of NPs. SEM images of BaAgNPs and BnAgNPs derived from boiled leaf extracts are depicted in Figures 4A and 4B . The size of the synthesized AgNPs obtained ranged between 32 to 46.65 nm and 41.40 to 98.67 nm for BaAgNPs and BnAgNPs, respectively. TEM images for the biosynthesized AgNPs showed that the particles were spherically shaped with an average size ranging from 30 nm to 90 nm for both of the AgNPs (Figures 5A and 5B). The presence of silver atoms in BaAgNPs and BnAgNPs was further confirmed using EDX spectroscopy. The EDX profiles showed a strong silver signal, along with other weak signals of oxygen and chlorine, which may have originated from the bioactive molecules bound to the surface of the NPs. The optical absorption peak was observed at 2.5 and 3.0 keV for B. arundinacea and at 2.6 and 3.0 keV for B. nutans, which is typical for the absorption of silver nanocrystallites due to SPR ( Figures  6A and 6B ). It has been reported that NPs synthesized using leaf extracts are surrounded by a thin layer of some capping organic materials from the plant leaf broth. The weak signal elements may have originated from the biomolecules bound to the surface of the biosynthesized BaAgNPs and BnAgNPs. The signals were most likely due to the X-ray emission from carbohydrates/proteins/ enzymes present in the cell wall of the biomass (Mishra et al., 2010) . The percentage of the silver ions present in the synthesized NPs was found to be 90% and 85% for BaAgNPs and BnAgNPs, respectively. The optical absorption peaks observed at 0.2, 3, 3.3, and 3.7 keV are typical for the absorption of the silver nanocrystallites due to SPR. It was reported that individual spherical AgNPs synthesized using alfalfa sprouts showed absorption peaks in the range of 2.5-4 keV (Gardea-Torresdey et al., 2003) . The EDX spectrum shows the characteristics of silver peaks on the surface of the NPs, suggesting successful AgNPs synthesis using plant leaf extracts of B. arundinacea and B. nutans. Most recently, Jeeva et al. (2014) obtained spherical and triangular silver NPs at 2-4 keV using Caesalpinia coriaria leaf extracts.
Determination of cytotoxicity effect of AgNPs
In vitro cytotoxic concentration was assessed using MTT reduction. After treating PC3 and Vero cells for 48 h with BaAgNPs and BnAgNPs in a concentration ranging from 10 to 100 µg/mL, the inhibitory concentration of 50% (IC 50 ) against the growth of treated cancer and normal cancer cells was calculated. The percent of cell viability obtained with continuous exposure for 48 h is depicted in Figure 7 . Cell viability was also found to decrease with increasing concentrations of the biosynthesized BaAgNPs and BnAgNPs. µg/mL for BaAgNPs and BnAgNPs, respectively. The effect of NPs on the growth of normal cell lines (Vero) did not exhibit significant cytotoxicity at their lower concentrations, whereas cytotoxicity was increased with increasing concentrations. Upon comparison of the IC 50 values of the 2 AgNPs, B. arundinacea NPs appeared to be the most active and showed a higher inhibition rate with lower concentration than B. nutans against PC3 cell lines, due to the presence of flavonoids and phenols. The effect of leaf aqueous extracts of both B. arundinacea and B. nutans against the growth of PC3 cells did not exhibit significant cytotoxicity at their lower concentrations; however, the cytotoxicity increased with increasing concentration from 100 to 160 µg/mL. The most recognizable morphological changes due to the AgNP treatment observed were cytoplasmic condensation, cell shrinkage, and production of numerous cell surfaces bulging at the plasma membrane against PC3 cells ( Figures 8A-8C ). The mortality data obtained in this study allowed us to predict their potential as cytotoxic agents. It is reported that flavonoid compounds, especially quercetin and genistein, show antitumor activity; these compounds were found to be toxic to cancer cells but had an insignificant effect on normal cells (Baliga and Katiyar, 2006) . It has been reported that the flavonoid apigenin holds great potential as a chemopreventive agent for a variety of cancers and exhibits significant activity against UV-induced DNA damage, thus protecting against skin cancer (Satyavani et al., 2011) . The cytotoxic effect was identified due to the formation of reactive oxygen species (ROS). ROS typically include the superoxide radical, hydrogen peroxide, and hydroxyl radical, which cause damage to cellular components such as lipids, DNA, and proteins and eventually lead to death (Xia et al., 2006) . Natural phenolic compounds play an important role in cancer prevention and treatment. Phenolic compounds from medicinal herbs and dietary plants include phenolic acids, flavonoids, tannins, stilbenes, curcuminoids, coumarins, lignans, quinones, and others. Various bioactivities of phenolic compounds are responsible for their chemopreventive properties (e.g., antioxidant, anticarcinogenic, antimutagenic, and antiinflammatory effects) and also contribute to their apoptotic activity by arresting the cell cycle; regulating carcinogen metabolism and ontogenetic expression; inhibiting DNA binding and cell adhesion, migration, proliferation, or differentiation; and blocking signaling pathways (Huang et al., 2010) . The present result suggests that B. arundinacea and B. nutans AgNPs could be used as a potential nanomedicine in anticancerous drug preparations.
Detection of AO/EtBr staining
The induction of apoptosis is one of the considerations in successful drug development. Most of the cytotoxic anticancer drugs currently in use have been shown to induce apoptosis in susceptible cells. On the basis of overall cell morphology and cell membrane integrity, necrotic and apoptotic cells can be distinguished from one another using fluorescence microscopy. In the present study, fluorescent microscopy analysis showed the untreated PC3 cells as stained with uniform green fluorescence, demonstrating viable cells in the untreated cell line. The percentage of total apoptotic cells was calculated in relation to their respective control cells. After treatment with the IC 50 concentrations for a period of 48 h, the morphological changes were also visualized. Orange apoptotic cells containing apoptotic bodies as well as red necrotic cells were also observed ( Figures 8D-8F ). Microscopic observation showed that the normal viable cells fluoresced green due to the penetration of AO into cell membrane, whereas apoptotic cells were observed as orange-colored bodies because of nuclear shrinkage and blebbing. Necrotic cells fluoresced red due to their loss of membrane integrity via AgNP-induced cytotoxicity. Similar results were also reported earlier by . The percentage of the apoptotic bodies obtained was 76% and 62% for synthesized BaAgNPs and BnAgNPs, respectively (Figure 9 ).
Conclusion
The present study documented the first-ever synthesis, characterization, and cytotoxicity of biosynthesized AgNPs from in vitro-propagated leaf extracts of B. arundinacea and B. nutans against PC3 cell lines. FTIR assay confirmed the presence of flavonoids and phenols in the synthesized NPs as well as in the aqueous extracts of both the bamboo species. Structural analysis by XRD, together with the elemental analysis by EDX, strongly suggested the formation of elemental AgNPs. SEM results showed that the shape of the NPs obtained was spherical, ranging from 32 to 99 nm for AgNPs. Collectively, our data suggest that AgNPs possess superior cytotoxic activity compared to the leaf extract. The present study strongly showed that the biosynthesized BaAgNPs exert a potentially cytotoxic effect on human prostate PC3 cancer cells without affecting the Vero control cells, as opposed to BnAgNPs. However, further research is required to discover the mechanism involved in the cell growth inhibition, thereby permitting the biosynthesized AgNPs to be used as cancer chemopreventive and/or therapeutic agents in the near future.
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